Pathways governing development of stem cell-derived pancreatic β cells: lessons from embryogenesis.
The loss of functional β cells leads to development of diabetes. Several studies have shown that β cells are specified through several stages of progenitors during pancreas development, each stage defined by the expression of specific transcription factors (TFs). Understanding signalling pathways that control the differentiation and specification processes during embryogenesis will facilitate efforts to obtain functional β cells in vitro. Our current knowledge of the mechanisms involved in pancreatic β cell development and survival under normal or diabetic conditions has come largely from animal studies. However, there are marked differences in islet structure and physiological properties between humans and animals, and not all phenotypes of human diabetes can be recapitulated in animal models. Therefore, human pluripotent stem cells (hPSCs), including human embryonic stem cells (hESCs) and human induced PSCs (hiPSCs) offer a great opportunity for increasing our understanding of the pathways regulating human pancreatic β-cell development and survival. Furthermore, hPSCs provide a renewable source of functional pancreatic β cells for cell replacement therapy as well as disease modelling. Herein, we discuss the signalling pathways involved in the development of pancreatic β cells during embryogenesis. Additionally, we describe how these pathways are manipulated in vitro to differentiate hPSCs into functional β cells. Finally, we highlight the progress that has been made for the applications of those cells in treating and modelling diabetes.